
0 S 0 HEAD 

TAPE STUDIES 

raymond 



RAYNOND E N G I E E R I N G  INC e 

Niddlatown, Connecticut 

NASA/GSFC 
Contract No. NAS5-9395 

Pational 

Raymond W e O .  1031 

0 S 0 HEAD 

AND 

TAPE STUDIES 

TO 

Aeronautics and Space Administration 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
.. .. , . .... I . - 



FINAL REPORT 

OS0 HEAD AND TAPE STUDIES 

ABSTRACT 

The referemed contract  w a s  established as a means ~y which current 

recording tape and record-reproduce head problems could be studied. 

Work being performed on other  BASA/CISFC contracts  w a s  being held up 

due t o  d i f f i c u l t i e s  concerning head/tape charac te r i s t ics .  

lens were severe enough t o  prevent delivery of much needed fl ight,  

recorder/reproducers t o  OSFC, 

The prob- 

Under t h e  referenced contract  ce r t a in  types of recording tape were 

studied r e l a t i v e  t o  t h e  cha rac t e r i s t i c s  of t he  then used magnetic 

read-write heads. Further e f f o r t s  were expended i n  attempting t o  

e s t ab l i sh  de t a i l ed  

sc r ibe  and control  key cha rac t e r i s t i c s  of procured heads, Basic 

t e s t  plans were wr i t ten  by Raymond t o  provide t e s t  descriptions.  

Work performed i n  studying t h e  tape-head problems resul ted ia solving 

the present d i f f i c u l t i e s  SQ t h a t  hardware could be made avai lable  t o  

GSFC, A s  a r e s u l t  of t h e  study, t he  head vendor w a s  changed and a 

d i f fe ren t  type of recording tape was used. 

spec i f ica t ions  i n  order t o  more accurately de- 

GSFC and Raymond Engineering discussions revealed some in t e re s t ing  

operational f a c t s  associated with t h e  Model 1974. recorder/reproducer. 
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A t  the  request of GSFC, Raymond made avai lable  a l is t  of changes $0 

be made t o  t h e  basic  recorder which would give GSFC grea te r  ease of 

operation and t o  some extent improve ove ra l l  r e l i a b i l i t y .  

A new Statement of Work was wri t ten and work began on e f f o r t s  

therein.  

and heads, tape t ransport  operation and electronic  system operation. 

The contract  as modified a t  t ha t  time became a very la rge  study 

program aimed a t  invest igat ing varied areas  of the  e n t i r e  recorder/ 

reproducer system. Throughout t he  expansion of scope of work, ap- 

propriate  reviews and increases  of funding became necessary. 

outcome of t he  modified contract  was the  establishment of tape l i f e  

t e s t s  t o  determine spec i f ic  tape character is t ics .  GSFC provided ex- 

ce l l en t  support during l i f e  t e s t ing ,  pa r t i cu la r ly  i n  the  analysis ,  both 

physical and chemical, of t ape  operated i n  Life  t es t  systems. 

of t .est  data from tape s tudies  showed tha t  ce r t a in  tapes  would not 

be su i tab le  f a r  use i n  t h e  OS0 recorders and tha t  only one head vendor 
could be trusted t o  provide a head b u i l t  to specif ia  program seeds, 

In  brief t he  areas  of endeavor were centered around tape 

The 

Review 

W ~ r k  performed in the area of the electronics  portion of t he  rebordetr 

system brought abou-b the use of improved $ ~ m i c ~ n d u ~ ~ ~ ~ ~  and ths  in-  

corporation of addi t ional  fea tures ,  such dts a D.C. @ram ctapability. 

The s t ~ d y  program r e c ~ ~ ~ n d a t i Q n s  were referred t o  GSFC: f o r  posgjfb2.e 

~ n a ~ ~ p o r a ~ ~ ~ n  i n  an in-process f l i  

A r e v i ~ w  of %he recorder from a systtm point of v i e w  revealed ~ o m e  

sf3 4s to provide 
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b e t t e r  s igna l  t o  noise r a t io s ,  

could be incorporated a t  t h a t  time s ince program cont inui ty  would 

have been impaired. 

indicated t h e  need f o r  a program t o  study recorder components and 

cha rac t e r i s t i c s  i n  grea te r  d e t a i l ,  NASA recognition of t h i s  f a c t  

resul ted i n  a fu r the r  increase of mope aimed a t  p rodd ing  data 

by which fu tu re  recorder evaluation could be more acaurately real- 

ized,  

No$ a l l  of these recommendations 

Much of t h e  work performed durhng t h i s  period 

The f i n a l  contract  modification provided funds f o r  addi t ional  l i f e  

t e s t s  under accelerated l i f e  conditions and the  re-writing of per- 

t i n e n t  hardware t e s t  procedures. The need w a s  recognized tha t  the  

inclusion of more de ta i led  proeedures, t e s t  plans and inspect ion 

techniques would provide GSFC a more sophis t icated product whose 

overa l l  i d e n t i t y  and charac te r i s t ics  could be recognized and pre- 

dictied, The spin off  benef i t s  of t h i s  study program have been in- 
corporated i n t o  hardware bui ld  programs so as t o  provide the improved 

product needed by GSFC i n  i t s  modern spacecraft  programs. 

GEN@RAL 

The subject contract  w a s  awarded Raymond Engineering t o  provide a 

means f o r  the study of c r i t i c a l  recording tape  and magnetic head 

charac te r i s t ics ,  

c u l t i e s  experienced during t h e  hardware phase of t he  OS0 D and OS0 

E programs, 

schedule s i t ua t ions  deemed untenable by GSFC and which required 

immediate resolution, 

The need f o r  such a program arose out of d i f f i -  

Tape and head d i f f i c u l t i e s  appeared which caused 
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1,O PROGRAM OB ORIGINAL C O ~ T R ~ ~ T  

Contract Eo, NAS5-9395 issued September 28, 1966 provided 

funding t o  es tab l i sh  means f o r  t h e  iden t i f i ca t ion  of para- 

meters which alone o r  i n  combination would cause t h e  mal- 

performance current ly  being experienced. 

Subsequent invest igat ion of t he  tape arid heads provided b o w l -  

edge t h a t  t h e  present-  tape,  3N #LR1220 w a s  not capable of pro- 

viding adequate oxide and lube s t a b i l i t y ,  

t i o n  led  t o  the conclusion that t h e  read-write heads suf- 

Further investiga- 

fered from i n a b i l i t y  t o  perform over temperature, 

o r ig ina l ly  procured from I N I ,  Glendale, Cal i fornia ,  were no 

longer sui table .  Thus the  primary goal  w a s  the  se lec t ion  of 

These heads 

improved heads and %ape, Specif ical ly ,  t he  following approach 

was used t o  determine the  areas of i n t e r e s t ,  

1,l Original Head-Tape Study Program. 

The basic  problem with t h e  recorder w a s  an exoessiva buildl- 

up of tape debris ,  Analysis of debr i s  samples indicated 

composition w a s  roughly half  oxide and half  lubricat ion,  

the lubr ica t ion  being graphi te  powder. 

complication seemed t o  be cropping up. Some evidence of 

tape t o  head adhesion appeared. Attevpts t o  correct  f o r  

poor tape s t a b i l i t y  would have been f u t i l e  without first 

establ ishing and i s o l a t i n g  head or iented problems. 

However a fu r the r  
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Analysis of t he  record-playback head i n  t h e  c l a s s i cq l  senge 

w a s  not possible s ince t h e  head i s  a very complicated con- 

glomeration of p l a s t i c s  and metals, 

one which has served Raymond w s L l  i n  similar instances. 

comprehensive s e r i e s  of temperature t es t s  were performed 

on t h e  DE heads, The heads exhibited core s h i f t ,  gap m i s -  

alignment and weepage of l i qu id  material from the  core area. 

IMZ w a s  contacted and asked t o  provide information and help 

towards solving the  problem, A s  t i  w a s  c r i t i c a l ,  t he  

The route chosen w a s  

A 

need for a rapid solut ion w a s  qu i t e  v i s ib le .  

IN1 techniques and t e s t  methods revealed an i n a b i l i t y  t9 

provide Raymond with heads of t h e  qua l i ty  l e v e l  needed on 

a program such as OSO. Therefore head procurement speci- 

f i c a t i o n s  were reviewed and revised with t h e  hope of build-  

ing i n t o  t h e  spec i f ica t ions  su f f i c i en t  t e s t i n g  safeguards 

t o  prevent f u r t h e r  d i f f i cu l ty .  At t h e  same t i m e  discussion 

began with the  Applied &gnetics Company of Goleta, Cali- 

fo rn ia ,  a high qua l i ty  magnetic head manufacturer with an 

excellent record of performance, The revised head spec$.- 

f i c a t i o n s  were forwarded t o  AMC f o r  quote and technical  

review, 

those manufactured by IMI would not be avai lable  but a 

s imi la r  device could be supplied, The basic  parameter 

which would be d i f f e ren t  was i n  t h e  area of winding induc- 

tance,  

Review of 

AMC indicated t o  Raymond t h a t  heads i d e n t i c a l  t o  
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A purchase order  f o r  f l i g h t  heads was then l e t  t o  AMC. 

The heads were t e s t ed  t o  revised head t e s t  procedures 

both a t  AMC and Raymond, Performance w a s  found t o  be 

sa t i s f ac to ry  but some core s h i f t  and lamination displace- 

ment s t i l l  occurred. 

proach t o  eliminate t h e  problem through temperature 

cycling w a s  evolved. Special  t e s t  f i x t u r e s  were design- 

ed and b u i l t  by Raymond t o  control  and evaluate heat 

tes t ing .  

AMC ‘was again consulted and an ap- 

Heads procured by the  updated procurement 

specifica$ion and then t e s t ed  t o  t he  new procedures 

yielded a head capable of t he  performance c r i t e r i a  es- 

tabl ished as necessary t o  t h e  success of t he  OS0 program, 

Documents generated on t h i s  portion of the  study program 

were l a t e r  incorporated i n t o  the  f l ight  program as per- 

manent control  documentation. 

A p a r a l l e l  e f for t  during t h e  head invest igat ion concerned 

t a p e  s t a b i l i t y  analysis ,  

used i n  the  OS0 s e r i e s  of recorders w a s  Minnesota lUning 

and Manufacturing (3M) type LR1220. 

The recording tape or ig ina l ly  

This was a lubricated 

instrumentation tape considered a t  the  time as w e l l  sui tgd 

f o r  use i n  endless loop recorder configurations, It had 

been proven both by industry and NASA t h a t  t h e  LR1220 con- 

f igura t ion  exhibited reasonable l i f e  charac te r i s t ics ,  

Evidence of tape f a i l u r e  a f t e r  only a few tape cycle8 was 

noted during recorder bench t e s t i n g  during t h e  OS0 D 
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program, The tape breakdown w a s  a t t r i bu ted  t o  many things 

including head damage but analysis  of recovered debr i s  and 

examination of tape revealed a basic  change i n  tape  charac- 

t e r i s t i c s .  

t ape  t h a t  3 M  had d r a s t i c a l l y  changed t h e  method of applying 

t h e  lubr ica t ion  coating t o  t h e  backside of t h e  tape,  

o r ig ina l  LRl220 had been uniformly coated with lubricant  

It w a s  apparent from v isua l  examination of tlpe 

The 

whereas t h e  tape now i n  use had a "diamond" appearance 

consis t ing of d i sc re t e  deposi ts  of lubr ica t ion  along t h e  

tape  surface,  The tape w a s  returned t o  3 M  with complaints 

concerning i t s  lack of performance, 

formed Raymond that it had changed over t o  a gravure process 

3N i n  due t i m e  in- 

of coating and would no longer make avai lable  the  or iginal  

1220 s t ructure .  

t h i s  period s t ressed t h e  f a c t  t h a t  3 M  acted i n  psor  harmony 

Raymond correspondence with 3 M  during 

with industry i n  general  s ince a gross producti change 06- 

curred without benefi t  of ident i f ica t ion ,  3M l a te r  re- 

iden t i f i ed  the  tape a s  M.!f22049. A s  it turned out t h i s  

22049 tape w a s  3Mrs replacement f o r  1220 which w a s  no long- 

e r  avai lable .  

Since a l l  hardware b u i l t  t o  date  employed LR1220 tape,  it 

w a s  necessary t o  invest igate  the  cha rac t e r i s t i c s  of t he  new 

tape and try t o  es tab l i sh  whether 220.49 could be used with 

any degree of confidence. It w a s  a l so  necessary f o r  Raynsond 

t o  become InvsZved with 3M more than would have been desired 
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under other  circumstances. Raymond personnel traveled t o  

3 M  f o r  a s e r i e s  of conferences t o  t r y  t o  exact data  which 

would lead t o  successful use of t h e  tape. 3H could not  

provide specf f ic  data on t h e  cha rac t e r i s t i c s  of t he  tape. 

It w a s  e s sen t i a l ly  Raymond's job, a t  t h i s  juncture, to 

do whatever could be dons t o  make use of t h e  modified 

tape. 

A study program aimed a t  allowing use of t h e  tape Ghrough 

simple recorder adjustment yielded reasonable r e s u l t s  

for a short  period of time. However 3 M  e i t h e r  made f u r t b e r  

changes t o  i t s  product o r  l o s t  control  and tape i n s t a b i l i t y  

again became a problem. 

began an acoelerated tape study program aimed a t  reaching 

a f i n a l  solution. The study w a s  primarily concerned with 

tape but recorder modifications which would allow wider 

tape var ia t ions  were a l so  considered. 

Raymond a t  the  request of NASA 

Many d i f f e ren t  tapes were t r i e d  with l i t t l e  success during 

the study program. Fortunately 3M had introduced type 

899% lubricated tape a t  jus t  about t h e  time t h e  study pro- 

gram began. !This S99S tape proved t o  be an improvement 

over HT22049 since it exhibited far  b e t t e r  l i f e  and sta- 

b i l i t y  charac te r i s t ics .  Having no other  recourse, a com- 

mittment t o  t h e  use of S998 w a s  made and i n  process hard- 

ware w a s  f i t t e d  with t h i s  tape. 

time l imited t o  performance c r i t e r i a  i n  t ranspor t s  of t h e  

Testing of t h e  tape w a s  
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same configuration as those destined f o r  f l i g h t .  

these l e s s  than desirable  time l imited conditions, reason- 

Under 

ab le  confidence w a s  gained i n  t h e  a b i l i t y  of 8998 t o  per- 

form, 

A t  t h e  request of EASA, Raymond undertook a program t o  

wr i te  tape procurement specif icat ions and tape handling 

procedures. 

since 3 N w a s  i n  production of 8998 for t he  consumer mar- 

ke t ,  ch ie f ly  s tereo car t r idges,  and did not consider in- 

volvement i n  space exploration technology as pa r t i cu la r ly  

rewarding. 

phases of t h e  study program were l a t e r  revised and 

a r e  par% of normal program documentation, A l l  documents 

were reviewed by GSFC p r i o r  t o  use, 

This task l a t e r  proved t o  be of l imited value 

The documents generated during t h e  i n i t i a l  

1.2 Revised Study Program - Tape, Heads, Semiconductors, 

The e f f o r t s  outlined i n  sect ion 1.1 of t h i s  report  con- 

s t i t u t e d  t h e  short  term approach t o  successful c u M n a -  

tion of a ser ious problem, However, much knowledge was 

gained concerning the  vagaries of tape and the  mutual 

f ee l ing  of GSFC and Raymond w a s  t o  become more involved 

so as t o  prevent recurrence of t h e  problem, Therefore 

a modification t o  t h e  contract  w a s  incorporated by GSFC 

d i r ec t ing  Raymond t o  f u r t h e r  inves t iga te  tape and i t s  

e f f e c t s  on spec i f i c  recorder charac te r i s t ics ,  

was,however,not t o  be l imited t o  the  above and would 

The study 



Final Report 
OS0 Head and Tape Studies 10 

include a look a t  areas within t h e  recorder which could 

be improved w i t h  t h e  a i m  of g rea t e r  r e l i a b i l i t y  and oon- 

f idence. 

A s e r i e s  of meetings between GSFC and Raymond personnel 

were held t o  go over the  e n t i r e  reoorder system and de= 

t e m i n e  the  a reas  of i n t e r e s t  which would best  bring 

about d i r e c t  improvement, In  some Instances considera- 

t i o n  of technology advances made during t h e  OS0 program 

were of benefi t  s ince the  recorder used semiconductors 

no longer considered t o  be i d e a l  f o r  t he  t a sk  a t  hand. 

Therefore Raymond examined t h e  p o s s i b i l i t y  of replacing 

Mesa devices such as 2 W 2 2  and 2Nll3Z t r a n s i s t o r s  with 

more modern planar passivated types. 

i s t i e s  of t h e  o r ig ina l  devices were studied along with 

t h e  e f f ec t  of leakage currents upon recorder performance, 

Leakage character- 

Mesa devices were used i n  a number of areas  within the  

recorder e lec t ronics  system which were qui te  c r i t i c a l  

t o  performance. Raymond made contact with semiconductor 

manufacturers and gained h i s to ry  on device performance, 

Simulation of ac tua l  c i r c u i t s  a t  Raymond indicated t h a t  

a l l  Mesa deviees should be replaced by newer planar 

types, 

mentation. 

This change was made a p a r t  of t he  program docu- 

Anothsr area of concern w a s  the  deviee used i n  t h e  output 

s tages  of t he  t w o  motor dr ive  amplifiers. The 2N203k 
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device used i n  e a r l i e r  models w a s  adequate but a newer 

Fairchi ld  device w a s  studied as a possible replacement. 

The ZS2890 Fairchi ld  t r ans i s to r  w a s  ul t imately selected 

as a replacement; for the  2B2034, 

backed up a preliminary paper study proving t h e  Fairchi ld  

deviceOs s u i t a b i l i t y .  

a l l  new programs, 

A breadboard study 

The change w a s  incorporated i n t o  

In  order t o  more f u l l y  understand the behavior of record- 

ing  tape  i n  ac tua l  use, GSFC requested f u r t h e r  s tud ies  

be performed, The second s e r i e s  of tape t e s t s  were aimed 

a t  ident i fy ing  more eso ter ic  cha rac t e r i s t i c s  which could 

be responsible f o r  the occasional f a i l u r e  of a given 

length of tape. A t  t h i s  % h e  t h e  National Buregu of 

Standards w a s  brought i n t o  t h e  p ic ture  by GSFC. EjBS was 

t o  physiealZy and chemically study samples of tape operated 

i n  recorders of QSO configuration, Surface characteris-  

t i c s  such as tex ture ,  coef f ic ien ts  of f r i c t i o n ,  wear r a t e  

and s t i f f n e s s  would be examined. The hope w a s  t h a t  one 

or more key parameters would be isolated.  The i so l a t ed  

parameters would then be studied i n  order $0 gain knowledge 

i n  t h e  control  and use of t h e  tape. 

corders with both 1220 and 8998 tape f o r  t h i s  s e r i e s  of 

t e s t s  and ran t h e  u n i t s  f o r  periods ranging up t o  2000 

hours a t  o r b i t a l  and F/B J.U des. Simultaneously, data 

w a s  t o  be gathered concerning wear and l i f e  pa t te rns  of 

Raymond equipped re- 
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t h e  newly acquired AMC read-write heads, 

t h i s  head study would be valuable i n  determining overa l l  

AMC performance. 

The data  from 

Other invest igat ions during t h i s  period involved t h e  

examination of head azimuth sh i f t .  The t e s t  established 

a p rac t i ca l  means of determining t h e  degree of s e n s i t i v i t y  

t o  tape skew. The t e s t s  were performed with % t a l l  t r ack  

and half  t rack  head configurations, Test r e s u l t s  in- 

dicated l e s s  e f f ec t  f r o m  skew would occur using half  

t r ack  heads but t h e  reduced output of such a head pre- 

cluded i t s  use i n  the  system, 

The outcome of t h e  tape t e s t i n g  outlined above w a s  in- 

conclu~ive .  The NBS s tud ies  revealed some in t e re s t ing  

f a c t s  concerning lubricat ion adhesion, wear pat terns ,  

degree of lubr ica t ion  (quant i ty)  and e l e c t r i c a l  conduc- 

t i v i t y ,  However, no d i r ec t  change i n  philosophy towards 

tape resul ted from the  study, The only th ing  i n  the  way 

of a useful approach resul ted from t h e  f a c t  t h a t  of thrqq 

procured batches of tape,  one batch w a s  considered b e t t e r  

f o r  use i n  t h e  recorder. Apparently t h e  correct  amaun% 

of lubr ica t ion  happened t o  be on t h a t  l o t .  

ver i fy  or es t ab l i sh  correlat ion between performance and 

physical cha rac t e r i s t i c s  remain mysteriously hidden, 

Parameters t q  

Tests r e s u l t s  i n  ear ly  OS0 configuration recorders proved 
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1.3 

t h a t  2000 hour operation i n  orb2tal  mode was feas ib le ,  

Tape such as LR1220 compared reasonably wel l  t o  899% 

under these conditions, The t e s t s  were misleading how- 

ever because t h e  sample r a t e  was so low. 

Revised Study Program - Electronics 

The OS0 recorder e lec t ronic  system had been modified a 

few times as technology improvements warranted and pro- 

gram time permitted, 

eliminate t h e  use of P/B s igna l  l e v e l  detection and emplsy 

an improved peak detection system, 

amined the  present recorder system from the  point of view 

t h a t  improvements could be made i n  a reas  which had not 

been evident during e a r l i e r  programs, 

A good example w a s  t h e  decision t o  

GSFC and Raymond ex- 

The t ape  recorder requires a s t ab le  clock input from t b e  

spacecraft. 

corder cI rcu l t ipy and applied t o  t h e  motor dr ive  amplif iers  

as t h e  primary s igna l  which is supplied t o  t h e  synchronous 

record and playback motors, 

'phis clock signal i s  counted down by re- 

This approach is not unusual s ince many spacecrafs re- 

corders function i n  t h i s  manner, However, t h e  basic  de- 

sign of t h e  recorder motor dr ive system i s  such t h a t  L O S S  

of t h e  spacecraft clock could ser ious ly  damage components 

of t h e  motor drive. 

times but w a s  not considered an operational s i tua t ion .  

This problem had been rea l ized  many 
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The concern w a s  t h a t  clock s igna ls  never be removed during 

bench t e s t ing ,  Therefore precautions were taken t o  care- 

f u l l y  control  tes t  procedures so t h a t  inadvertent loss of 

clock would not occur. This w a s  done well enough so t h a t  

no known reaorder dmmge ever occurred. 

Later knowledge of spacecraft  operation revealed t h a t  

t he re  were s i t ua t ions  i n  which t h e  spacecraft  cloak could 

be interrupted f o r  periods of time, though only 9lilJ.i- 

seconds i n  duration, 

c u i t r y  a t  len@h including s ingle  and cumulative e f f e c t s  

upon components subjected t o  the  s t r e s s  conditions of 

Raymond studied t h e  recorder cir- 

br i e f  and lengthy loss of clock conditions, 

problem w a s  t h a t  absence of clock eaused heavy primary 

DC current flow through t h e  motor driver-output power 

switching coupling transformer. Fai lure  could appear as 

destroyed 21722 primary d r ive r  t r a n s i s t o r s ,  motor regula- 

t o r  pass t r a n s i s t o r  o r  both, 

t i o n  of t h e  problem were set f o r t h  by ClSFC and Raymond. 

Test data submitted t o  GSFC indicated t h a t  t h e  basic  

c i r c u i t  w a s  sound f o r  noma1 operating conditions, It 

w a s  allso proven tha t  no eas i ly  incorporated ohange could 

be made t o  t h e  present c i r c u i t ,  Therefore BO modifica- 

t i o n  w a s  made t o  t h e  recorder a t  t h i s  time, The approach 

w a s  t o  be one involving protect ive c i r c u i t s  i n  t h e  space- 

c r a f t  capable of turning off  power i f  clock s igna l  were 

The general. 

Many approaches t o  t h e  solu- 
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l o s t ,  

a t  t h a t  time, t o  pointing out t h e  fac ts  surrounding the  

basic  problem. 

bymond i ~ ~ ~ ~ ~ ~ ~ ~ ~ t  in t h e  problem w a s  t hus  l imited,  

Other areas  of t h e  recorder e lec t ronic  system were re- 

viewed on t h i s  contract. A noise improvement study aimed 

a t  reducing i n t e r n a l  system noise indicated improved re- 

corder operation could be gained through b e t t e r  s igna l  

lead shielding, power decoupling and routing of signall 

grounds, Recommendations for these improvements were 

routed t o  GSFC. These improvements were s l a t ed  f o r  use 

on fu tu re  programs. The benef i t s  of such improvements 

were labomkory t e s t e d  a t  GSFC request, 

A study t o  determine the  f e a s i b i l i t y  of incorporating a 

DC erase function w a s  performed by Raymond at  GSFG re- 

quest, The need f o r  erasing s igna l  a f t e r  playback had 

been apparent f o r  some t i m e  but record current l i m i t a -  

t i o n s  of e a r l i e r  u n i t s  brought t h e  need t o  l i g h t  a$ t h j s  

time. 

b u i l t  spec i f i ca l ly  f o r  t h i s  contract  study program. The 

t e s t  data revealed t h e  need f o r  an increase of record cur- 

Tests were performed using a breadboard system 

rent.  

playback were established, 

GSFG and a p l a n  t o  incorporate t h e  DC erase f ea tu re  i n  

new u n i t s  w a s  established, 

Circui t  changes required t o  provide erase during 

Retzomrnendations were made t o  
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1.4 Revised Study Program - Mechanioal 

k a l y s i s  of r e s u l t s  from t h e  various tape  study e f f o r t s  

outl ined resu l ted  i n  discussion between WFC and FWyamd 

r e l a t i v e  t o  tape  t ransport  modifications, Rapond had 

expressed a des i r e  t 6  work towards improvement of t h e  re- 

corder consis tent  with GSFC needs, The discussions led  

t o  study of a GSFC designed tape  r e e l  

w a s  thought t o  have merit, pa r t i cu la r ly  i n  i t s  a b i l i t y  

t o  gently handle tape, Since tape l i f e  1imiGations were 

of great  i n t e r e s t  any improvement i n  tape  handling w a s  

immediately investigated,  C l a i m s  were expressed copcem- 

ing t h e  gent le  tape  handling of t h e  GSFC r e e l  design, re- 

su l t i ng  i n  less force  required t ; ~  p u l l  t he  tape  out of 

t he  r e e l ,  

t he  point of view t h a t  incorporation of the r e e l  i n t o  t h e  

ex is t ing  hardware would be feas ib le .  

nf igurat ion which 

Raymond agreed t o  inves t iga te  t h i s  r e e l  from 

A s e r i e s  of t e s t s  followed manufacture of a quant i ty  of 

r e e l  models. 

mensions. 

A l l  f abr ica t ion  w a s  from OSFC supplied di-  

lChe bas ic  r e e l  configuration seemed t o  be an 

improvement over t h e  ex is t ing  reel, 

Problems were encountered with t h e  determination of correct  

r e e l  height and tilt angle, 

loop r e e l  configuration i s  a very c r i t i c a l  and complex 

quantity, 

reparable tape damage despi te  any inherent gentleness, 

The tilt angle of t h e  endless 

An incor rec t ly  positioned r e e l  can cause ir- 
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Such were t h e  problems i n  establ ishing cha rac t e r i s t i e s  

of %he new design, 

an adjustable  r e e l  mounting base designed, 

formed indicated no reason not t o  use t h i s  ree l .  There- 

f o r e  all. fu tu re  recorders were t o  be equipped with the  

OSFC r e e l  configuration. 

The r e e l  tilt data  was gathered and 

Tests par- 

A GSFC tape guide design w a s  a l s o  invest igated,  This 

guide i s  e s sen t i a l ly  a chute type employing a tapered 

guide s l o t .  The guide w a s  t r i e d  i n  a t e s t  t ransport  

using t h e  GSFC reel, Performance w a s  poor due t o  the  

lengthy tape-guide contact surface. This guide was not 

t o  be used i n  fu ture  hardware, 

Early OS0 recorders used rubber r o l l e r s  t o  force  t h e  

recording tape  against  t h e  capstans, Raymond had ex- 

perience using Mylar b e l t s  f o r  t h i s  function and suggested 

use of t he  b e l t s  i n  new recorders, 

proach w a s  prone t o  l imited non-operating storage s ince 

The rubber r o l l e r  ap- 

the  r o l l e r  developed dents a t  the roller-capstan in te r -  

face,  Bel ts  eliminated t h i s  problem, Tests were per- 

formed with b e l t s  and ear ly  f a i l u r e s  due t o  Mylar fa t igue  

developed. Evaluation of t he  f a i l u r e s  resul ted i n  a 

change of b e l t  thickness. The reduced thickness in pres- 

sure  b e l t s  provided l i f e  grea t ly  i n  excess of 114,000 

hours, L i f e  i s  more than adequate and advantages gained 



Final  Report 
OS0 Head and Tape Studies  18, 

i n  s implici ty  of operation make t h e  choice of pressure 

b e l t s  a good one. Recorders i n  t h e  fu ture  w i l l  be 

equipped with pressure be l t s ,  

1.5 Revised Study Proffram - Documentation 

Review of ex is t ing  recorder t e s t  plans revealed short- 

comings exis ted i n  various areas, but general ly  a lack 

of t es t  parameter limi%sprorrided the  most obvious f a u l t ,  

Raymond studied the h is tory  of t h e  recorder t es t  pro- 

grams and supplied GSFC with recommendations on improving 

t e s t  procedures and equipment. 

d i t i o n a l  procedures pa r t i cu la r ly  subassembly t e s t  plans. 

Raymond revised exis t ing procedures where appl icable  

and generated new documentation where needed, A recorder 

handling procedure was wri t ten so t h a t  the  general  hand- 

l i n g  l imi ta t ions  of such equipment would be properly 

known. A tape t ransport  subassembly procedure and t e s t  

GSFC a l so  requested ad- 

plan w a s  a l so  wri t ten,  covering basic  subjects  such as 

tape handling and adjustment, 

ed t o  GSFC f o r  approval and incorporation i n t o  exis t ing 

hardware programso 

The documents were forward- 

1.6 Final  Tape Test Proprram 

A s  experience w a s  gained i n  ce r t a in  recorder operating 

cha rac t e r i s t i c s ,  t he  need f o r  in-depth t e s t i n g  became 

known. 

decision t o  perform as  many l i f e  t e s t s  as time and 

Meetings between GSFC and Raymond resul ted i n  the  
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equipment would allow, consis tent  with current funding, 

The subject of l i f e  t e s t s  and t e s t  evaluation i s  a very 

complex one, Conclusions can only be drawn a f t e r  basic  

t rends have been established, Therefore, the  las t  seo- 

t i o n  of t h i s  report  w i l l  be a summary of those t e s t s  

performed a t  the end of t h e  subject study contract ,  

Exis t ing reports  a r e  included i n  appropriate sect ions 

t o  f u r t h e r  expand on reasoning prevalent during t h e  t e s t  

program. 

LIFE; TEST SUNMARY 

The l i f e  t e s t s ,  a t o t a l  of e ight  on t h i s  program, can only be used 

t o  assist i n  ident i fying t h e  major var iables  i n  tape l i f e .  

t e s t s  i n  themselves cannot be considered conclusive and can only be 

considered as ident i fying possible t rends i n  tape l i f e  performance 

i n  a Raymond Model 1987 Recorder/Reproducer, 

The 

O f  t h e  e ight  t e s t s  performed, four  were i n  the launch posi t ion and 

four  were i n  the  o r b i t a l  posi t ion,  O f  the  four  t e s t s  i n  the  layich 

posi t ion,  one w a s  i n  laboratory environment, two were i n  100% n i t r a -  

gen environment and one w a s  i n  70% nitrogen, 20% Freon, 10% helium. 

A l l  t e s t s  i n  the  launch posi t ion were conducted i n  the  S/N 802 ma- 

chine. 

nitrogen, 20% Freon, 10% helium environment, Two of the  o r b i t a l  

posi t ion t e s t s  were conducted i n  S/N 802 machine and two i n  S/R 801, 

The t e s t s  conducted i n  the  o r b i t a l  posi t ion were a l l  i n  70% 
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I 

Qne of which w a s  with BIT22760 tape and one with 8998 tape. 

were conducted i n  continuous P/B (20.8 i p s )  operation, 

Tests i n  t h e  launch posit ion f a i l e d  between 3000 and 4000 tape passes, 

Tests i n  t h e  o r b i t a l  posi t ion f a i l e d  between 10,000 t o  i n  excess of 

16,000 tape passes, 

t o  e i t h e r  various atmospheres o r  between machines. The l a rges t  varig- 

t i o n s  appear t o  be between launch and o r b i t a l  machine operation with 

tape pack t o  tape pack var ia t ion  being second, 

All tqsts 

The t e s t s  ind ica te  no variakion i n  tape l i f e  due 

LIFE TESTS 

S/H 802 TestinP;: 

Life Test #J- - This t e s t  w a s  se t  up as a pressure b e l t  l i f e  

t e s t  t o  be run i n  laboratory environment with p l a s t i c  Covers 

on the  t ranspor t ,  The machine w a s  operated I n  the  launch 

posit ion ( r e e l  down), Tho tape w a s  run i n  (400 passes) 8998 

tape, 3 M  Lot #41563-03-1-21, from Raymond r e e l  S/M 6 pur- 

chased on Raymond Purchase Order Moo 63903, 

A t  4980 tape passes t h e  f l u t t e r  increased from 1.0% t o  1.6%. 

I n i t i a l l y  t h e  uni t  w a s  thought t o  have a bad bearing i n  one of 

the  mechanical modules, However, through cleaning of the tape 

path a reas  and retensioning of t h e  tape  pack, s a t h s f a c t o q  

operation w a s  regained (1.2% f i u t t e r ) .  

re-started.  

The b e l t  l i f e  t e s t  was 

A t  6700 tape passes t h e  recorder was  found t o  have a heavy 
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build-up of debris  between the heads, 

cleaned a t  t h i s  t i m e  and the  b e l t  l i f e  t e s t  continued. 

The uni t  w a s  again 

A t  7200 tape passes the  tape pack seized, 

opened, v i sua l ly  inspected and a f a i l u r e  analysis  performed. 

The following is a copy of‘ the resu l t ing  failure report ,  

The machine w a s  

A, This report  discusses  t h e  recent f a i l u r e  of a tes% t ape  pack i n  

OS0 recorder S/N 802. 

l i f e  t e s t  being performed p e r  NASA Contract NAS5-9395, Item 14. 
This recorder i s  a pressure bsl t / tape 

a, Mechanical Configuration 

The S/N 802 t ransport  had been equipped with the  new CSFC 

r ee l ,  

pad a r e  used, 

from 3 M  l o t  41563-03-1-21 purchased on Raymond Purchase 

Order 63903 received 11-29-66, Pressure b e l t s  of 1 m i l  

Mylar set  t o  tensions between 34.00 - 3900 p s i  were used, 

Nachine performance up t o  t i m e  of f a i l u r e  was good, 

A standard Raymond wrap around guide and pressure 

The reel  was equipped with type 3 M  8998 t a p s  

be  

S/R 802 had operated i n  playback mode a t  room temperature 

fQr 648 hours pr io r  t o  f a i lu re ,  

t ape  passes, 

This is  equivalent t o  7200 

Be O~~ERVATIO~S 

Debris had been forming a t  t h e  pressure pad, input capstan and 



Fiqaf Report 
OS0 Head and Tape Studies 22. 

heads, 

deposited on heads i n  area where tape approaches and leaveg 

head, In  addi t ion t h e  pressure b e l t s  were somewhat contaminatsd 

with debris ,  

No debr i s  w a s  deposited d i r e c t l y  on head gags but w a s  

The deposit ion of loose tape debris  increased i n  quant i ty  during 

the  last  week of pack l i f e ,  Bo decrease i n  recorder performance 

w a s  noted u n t i l  time of f a i l u r e ,  

The f a i l u r e  w a s  seen t o  cause severe "roping" of t h e  tape,  

photos, 

See 

The following conditions were noted, 

1, Tape over heads w a s  "roped'' but s t i l l  under pressure bel2;s. 

2. Tape s t i l l  around hub w a s  wrinkled, 

3 ,  S t r e s s  pat terns  about 180' each s ide of pack, 

4. F i r s t  13 tu rns  of tape on pack 0,D. were very t i gh t .  These 

tu rns  l i f t e d  upon removal of reel  cover due t o  high s t resses ,  

5, Six  and one half  tu rns  on pack O,D, were p a r t i a l l y  folded 

along tape t r a v e l  axis, 

edge thus causing the  "rope" appearance as seen i n  the  photo- 

graphs, The next f i v e  tu rns  were s ing le  folded, The 13th 

tu rn  indicated a re turn  t o  normal 1/4" wide tape,  The bulk 

of t he  tape pack had, as mentioned earlier, two stress pat-  

terns, The s t r e s s  pat terns  were the  r e s u l t  of l o c a l  layer  

t o  layer  compression of the  tape,  

towards the  f , D ,  of t he  r e e l  so t h a t  a l l  avai lable  slack 

The f o l d  over w a s  about 20% of each 

The tape had been forced 

w a s  displaced t o  the  two areas  mentioned, 
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C. 

There w a s  a considerable amnmt of loose tape debr i s  i n  t h e  

reel  and on the recorder w i n  p l a t e  i n  t h e  i m e d i q t e  area 

of t h e  tape path. 

w a s  violent  and caused the  tape  quch d is t ress .  

Indications were t h a t  %he pack seize-qp 

60 The first i d l e r  t o  oapstan b e l t  w a s  off t h e  pulleys a t  t h e  

t i m e  t h e  f a i l u r e  was discovered. The b e l t  had been forced 

ofY as a r e s u l t  of t h e  fa i lure .  Apparently the  b e l t  could 

not transmit the necessary torque required t o  f u r t h e r  dis-  

t r e s s  t he  tape so it gave up. The b e l t  w a s  not damaged. 

7. Mechanical modules were checked and found t o  be O.K. No 

damage t o  the  recorder proper had taken place. 

CAUSE 

A.t: t h i s  t i m e  any attempt t o  pinpoint t h e  exact cguse f g r  f a i l u r e  

would be opt imist ic .  A few theor ies  e x i s t  and w i l l  be discussed. 

1, It may have been possible  f o r  s t a t i c  e l e c t r i c i t y  build-up 

t o  cause layers  of t he  t a p e  t o  adhere, This would prevent 

t h e  normal act ion of i n t e r l aye r  slippage. 

layer  s l i p  would ul t imately iacrease the  tape wear leaqing 

t o  an excessively loose pack or causing l o c a l  layer  bindup. 

In  the  event of an increase i n  tape s lack ,  the danger of 

the  tape snagging on t ransport  protrusions g r  foldipg back 

i n t o  t h e  pack bectomes s e r i o u ~ .  The l o c a l  layer  bindup cap 

cause compression of the pack leading t o  fa i lure  through 

sheer mechanical bind. 

A lack of f r e e  
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2 ,  If s t a t i c  build-up were absent, but t h e  tape  surfaces burnish- 

ed t o  t h e  extent of providing very smooth surfaces,  then mech- 

an ica l  adhesion of layers  becQmes a problem, If the  outside 

layers  of tape were t o  bind together a condif;ion, similar t o  

t h e  s t a t i c  produced f a i l u r e  mode outlined above, i s  produced 

which w i l l  u l t imately prevent f r e e  movement of t he  tape layers,  

Pack%locking" then r e s u l t s  as $he overa l l  tape tensiqn in- 

creases t o  f i n a l  se ize  up, 

SUMMARY 

No d e f i n i t e  reason for t he  f a i l u r e  has beeq determtped. 

could have occurred as a r e s u l t  of t h e  aforementioned modes. I be- 

l i e v e  more comprehensive t e s t s  could be performed t ; ~  gain grea te r  In- 

s igh t  i n t o  f a i l u r e  mechanisms, 

t i o n  which i s  not e a s i l y  reproduced time a f t e r  t;irne. Therefore, 

sporadic f a i l u r e s  of t h i s  s o r t  a r e  extremely difficulO t o  analyze. 

The f a i l u r e  

We a r e  dealing with a f a i l u r e  s i tua-  

It may be necessary t o  look f o r  a tape b e t t e r  able  t o  y ie ld  consistent 

resu l t s .  

LIFE TEST #2 

This  was the  first l i f e  t e s t  performed t o  evaluate the  a b i l i t y  of 8998 

tape t o  meet t h e  mission l i f e  objectives,  The t e s t  w a s  set-up w i t 4  
run-in (4OQ passes) 8998 tape,  3 M  Lot #41563-03-1-21, from Raymond 

reel S/N 6 purchased on Raymond Purchase Order No, 63903. Thq re- 

corder w a s  i n  the  launch posi t ion ( r e e l  down) with p l a s t i c  covers, A 
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continuous 100% nitrogen purge w a s  provided t o  insure a control led 

f l i g h t  atmosphere. 

A t  2882 tape passes t h e  tape sp l i ce  broke. 

been brought on by a sharp edge on the  tape  ree l  cover p la te ,  

tape sp l i ce  parted a t  t h e  tape end interface.  

t h e  sp l i ce  edge as the  sp l i ce  passed by the  edge p l a t e  caused the  

sp l ic ing  tape  t o  wear, resu l t ing  i n  t h e  f i n a l  f a i l u r e  of t he  tape. 

Examination of the  tape revealed no damage whatsoever t o  the  lubri-  

cant or oxide surfaces  of the  tape. The reel  p l a t e  was reworked t o  

remove the sharp edge and t h e  t e s t  wag continued a f t e r  re-splicing 

t h e  tape. 

This w a s  judged t o  have 

The 

The sharp r e e l  scuffing 

At 3074 tape passes during a v isua l  check i n  the  heads-up posi t jon,  

t he  tape pack w a s  observed t o  slow and the tape s tar t  t o  qeiae. The 

f a i l u r e  w a s  seen as rapid intermit tent  changes i n  playback frequency. 

The frequency s h i f t  amounted t o  a change i n  speed of grea te r  than 

50%. 

recorder w a s  turned t o  t h e  r e e l  up posi t ion and a t  t h a t  time the  re- 

corder w a s  seen t o  slow down. 

the  tape e x i t  point of t h e  reel. 

However, no v i s i b l e  evidence of tape t rouble  w a s  noted. The 

The tape  was rumpled i n  the area of 

The reef  c ~ v e r  w a s  removed and the  tape  examined, 

similar t o  t h e  first f a i l u r e  except t h a t  it w a s  caught before %t;otal 

destruct ion of t h e  tape  occurred. 

layers  of tape on the  pack O.D. had adhered t i g h t l y  t o  one another. 

The oxide and lubricated surfaces  of t h e  recording tape  were highly 

The f a i l u r e  w a s  

Approximately t h e  first f i f t e e n  



Final  Report 
OS0 Head and Tape Studies  26 . 
polished. Evidence of inward s t r e s ses  were v i s i b l e  as r ippled tape 

immediately below the  outs ide layers.  

LIFE TEST #3 

This t e s t  w a s  set-up with run-in (400 passes)  8998 tape,  3 N  Lot No. 

41563-03-1-21, f rom Raymond r e e l  S/N 8, purchased on Raymond Purchase 

Order 63903. The recorder w a s  in t he  launch ( e l  down) posi t ion for 

t h i s  t e s t .  A continuous 100% nitrogen purge w a s  provided t o  insure a 

control led f l i g h t  atmosphere. 

A t  1090 tape passes the  f r o n t  cover of the  recorder w a s  removed and 

e l e c t r o s t a t i c  measurements of t he  pressure b e l t s  and tape were made. 

No s t a t i c  charges could be found a t  t h i s  time. During these measure- 

ments the  pressure b e l t s  were damaged and were replaced. The machine 

w a s  cleaned, t h e  t e s t  w a s  re-s tar ted under o r ig ina l  conditions. 

kt 2739 tape passes the  sp l i ce  broke. The f a i l u r e  mode w a s  similar 

t o  t h e  sp l i ce  fa i lure  of t e s t  number 2. 

A t  4229 tape passes the  tape pack fa i led .  

t i c a l  t o  t h a t  qf  t e s t  number 1. 

The f a i l u r e  mode w a s  iden- 

LIFE TEST #I, 

This t e s t  w a s  set-up with run-in (400 passes) 8998 tape,  3M Lot No. 

41563-03-1-21 from Raymond r e e l  S/N 6, purchased on Raymond Purchase 

Order 63903. The recorder w a s  i n  t he  launch ( r e e l  down) posi t ion 

for t h i s  t e s t .  The u n i t  w a s  sealed with an atmosphere of 70% ni t ro-  

gen, 20% Freon, and 10% helium pressurized t o  approximately 20 psfa. 
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A t  4OOO tape passes t h e  recorder operation becane erratic. 

varied from 1.1% t o  2.1%. 

A t  4235 tape passes t h e  tape  f a i l ed ,  

than t h a t  of t he  previous testsi, 

from under t h e  pressure pad and f r e e  of t he  tape  guide, 

both had a build-up on t h e  tape contact areas, 

The f l u t t e r  

The f a i l u r e  mode was d i f f s r e n t  

The tape  had i n  some way come out 

The eapstang 

The be l i e f  i s  t h a t  

t h e  build-up on t h e  downstream capstan w a s  great enough t o  reverse t h e  

capstan d i f f e r e n t i a l  and al low the  tape  t o  l i f t  o f f  of t he  heads. With 

t h e  tape slack it could then work i t s e l f  loose of t h e  tape guide, 

LIFE TEST #fi 

This t e s t  was set-up with run-in (400 gasses)  8998 tape,  3H Lot No. 

41563-03-1-21 from Raymond r e e l  S/N 8, purchased on Raymond Purchase 

Order 63903. The recorder w a s  i n  the  o r b i t a l  (heads up) posi t ion f o r  

t h i s  t e s t ,  

20% Freon, and 10% helium pressurized t o  approximately 20 psia .  

The uni t  w a s  sealed with an atmosphere of 70% nitrogen, 

The recorder a t  t h e  start  of l i f e  t e s t  was a 1.0% f l u t t e r  machine 

with a 0 . 4 8 ~  p-p P/B analogue and 5% AM. 
1.0% t o  approximately 8000 passes a t  which time it s t a r t ed  t o  ineregse, 

reaching 2.0% a t  t h e  time of f a i lu re .  

proximately 6500 tape passes where it; remained u n t i l  f a i l u r e ,  

analogue output decreased gradually throughout l i f e  t o  0 . 4 0 ~  p-p a t  

t h e  time of f a i lu re .  

The f l u t t e r  remained a t  

The AM increased t o  10% a t  ap- 

The F/B 

Failure  oceurred a t  lO,3OO tape passes. This w a s  observed as a loss 
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of  P/B signal and an inorease i n  input current t o  a vafi 

to F/B motor s t a l l  current,  

eqvivalea-t 

The unit  w a s  removed from t e s t  and opened f o r  v i sua l  inspection. 

The f a i l w e  w a s  observed t o  be similar t o  t h e  f a i l u r e  of Test No, 1- 

S/N 802. 

debr i s  and tape pack was given t o  the  NASA T,O, f o r  analysis by NBS, 

The debr i s  w a s  found not t o  be excessive. The avai lable  

LIFE TEST #6 

Th$s t e s t  w a s  set-up with run-in (400 passes)8998 tape,  3M Lot Eo. 

41843-02-1-21, from Raymond reel S/H 58 purchased on Raymond Purchase 

Order 66046. The recorder w a s  i n  the o r b i t a l  (heads up) posi t ion for 

this test, 

20% Freon, and 10% helium pressurized t o  approximately 20 psia .  

The u n i t  w a s  sealed w i t h  an atmosphere of 70% nitrogen, 

Recorder operation during t h i s  t e s t  was as follows: 

P/B Level F l u t t e r  - AM Total Passes 

0 . 6 5 ~  p-p 1.5% 2.0% 5 

0.48~ p-p 2.2% 2.0% 1700 

m.54v P-P 1.5% 2.0% 3222 

0.51~ p-p 14% 15.06 6966 

0.53v P-P 1.5% 15.0% 12000 

0 3 4 V  P-P 1*3$ 15 . 0% 1612% 

*NOTE: mew Recording. 

The t e s t  w a s  terminated at  16,128 tape passes by di rec t ion  of the 

NASA Ta,O. and Raymond concurrence t o  support t e s t i S g  required on 
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t h e  OS0 aFn f l i g h t  program. 

t o  be extremely clean from tape debris. 

The unit w a s  v i sua l ly  inspected and found 

S/N SO1 Testing 

Life Test #1 - This t e s t  w a s  o r ig ina l ly  intended t o  be conduqteg 

with cured MT2276O (curing process - ZOOOF soak f o r  24 hours) m- 

i n  f o r  4.00 tape passes. However, i n i t i a l  evaluation of machine 

operation demonstrated excessive f l u t t e r  (73.05) resul ted from 

the  use of t he  cured tape,  

w a s  found t o  operate i n  an acceptable manner ( L 5 $  f l u t t e r ) ,  

The ma2760 tape i n  i t s  uncured s t a t e  

The reason f o r  attempting the  use of cured tape f o r  %hi s  $es t  

was an outgrowth of t h e  1964. Hariner recorder program a% Raymond. 

At t h a t  time it w a s  found t h a t  t h e  NT22760 type of tape  demon- 

s t r a t e d  improved s t a b i l i t y  over temperature a f t e r  being cured. 

The operational temperature spec i f ica t ions  of t h e  OS0 recorder 

a r e  r e l a t i v e l y  low and the  need f o r  curing tape used i n  i t s  &if@ 

t e s t  w a s  decided t o  be non-existent. 

The l i f e  t e s t  w a s  set-up with uncured MT22760 tape run-in for 

4.00 passes and t h e  recorder sealed with an environment of 70s 

nitrogen, 20% Freon, and 10% helium. The recorder w a s  operated 

i n  continuous playback i n  the  o r b i t a l  (heads up) position. 

Recorder operation during t h i s  t e s t  w a s  as follows: 
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AM P/B Level F l u t t e r  - 
o m  P-P 3, ,@ 10.0% 5 

0*3v P-p L O %  LO, 0% 5000 

0,28v p-p 2.2% 15 0% 8000 

0,25~ p-p 2*3% 15 00% 10000 

0.21v p-p 2*5% 15 . 0% 11500 

The t e s t  w a s  terminated at 13,940 tape passes upon the  d i rec t ion  

of GSFC. 

end of t h e  t e s t ,  The debr i s  on capstans, guide, pressure b e l t s ,  

cover, and heads w a s  more severe i n  t h i s  machine than i n  any 

other  t e s t  previously o erved, Debris between t h e  heads oom- 

p le t e ly  f i l l e d  t h e  area and contacted t h e  tape. 

b e l t s  were completely covered t o  t h e  point of being t o t a l l y  blaok 

and opaque i n  appearance. 

The recorder was opened and v i sua l ly  inspected a t  the  

The pressure 

The capstans were d i r t y  but no ap- 

preciable build-up had occurred. The lower two r o l l e r s  i n  the 
r e e l  assembly showed excess and r e l a t i v e l y  u~ifomn b,uild-up of 

tar. The t h i r d  r o l l e r  was r e l a t ive ly  clean, The tape,  debris,  

and pho-t;ographs have been given t o  the  lVASA TOO. f o r  f u r t h e r  

evaluation by BEE, 

LIF'E TEST #2 

This test w a s  set-up with 8998 t ape  rmn-in f o r  4.00 passes, 

wag 3E Lot No. 41843-02-1-21, Raymond r e e l  S/N 58, purchased on 

This tape 
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Raymond Purchase Order 66046, 

P/B mode in t h e  orbital (heads up) positfon, 

t o  approximately 1-1/2 atmospheres with a gas composition of 70% 

nitrogen, 10% Helium and 20% Freon, 

The recorder w a s  operated i n  continuous 

The un i t  was pressa-tlrkied 

Recorder operation during t h i s  t e s t  was as follows: 

AM Total  Passes F l u t t e r  - 
0*5v P-P L 5 %  2*0$ 5 

P/B Level 

3340 

5270 

10000 

11000 

13900 

The t e s t  w a s  terminated a t  13,900 tape passes by d i rec t ion  of GSFC i n  

order t o  f a c i l i t a t e  evaluation of t he  tape  problem on the  OS0 "F" 

f l i g h t  program, 

The t ranspor t  w a s  opened and inspected a t  t h e  end of t h i s  t e s t ,  

u n i t  w a s  found t o  be extremely clean from tape  debris,  

The 

~ ~ ~ C L ~ S I ~ ~  

T h i s  study program resu l ted  i n  many good changes t o  the  050 recorder 

system, Studies which began on t h i s  program l a t e r  ended i n  pointing 

out system deficiencies  which, while not c r i t i c a l  t o  the point of 

ser ious f a i l u r e  poss ib i l i t y ,  eould r e s u l t  i n  loss of time and delays 

t o  t h e  program, 
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Much of t h e  ac tua l  hardware e f f o r t  l a t e r  occurred on hardware f ab r i -  

cat ion programs, Solzje addi t ional  spin-off of t h i s  study program led 

t o  consideration of c i r c u i t  improvements pa r t i cu la r ly  t h e  motor dr ive 

and motor dr ive  regulator  c i r cu i t s ,  

these areas  and will no doubt be done on fu tu re  programs. 

Improvements could be made i n  

The head problems were successfu1I.y solved on t h i s  program. 

currences of head weeping, core shift;ing and other  e r r a t i c  changes 

i n  base cha rac t e r i s t i c s  have been evident since t h e  revised head pro- 

curement po l i c i e s  became effect ive,  The tape s i tua t ion  i s  not as 

No 06- 

6Oncise since tape vendors are t r a d i t i o n a l l y  ou& of t 

Raymond and CSFC. 

changing manufacturing techniques a t  w i l l .  

srrzall change i n  surface chemistry t o  cause a recorder 's  performance 

t o  suffer,  It i s  

a l s o  necessary t o  perform more l i f e  t e s t s  t o  gain the  s t a t i s t i c 8 1  beck- 

ground needed t o  reach a point  of knowing t h e  overa l l  performance li- 

mitations of the  system, Until t h i s  i s  done great  d i f f i c u l t y  will be 

had i n  cor re la t ing  t ape  cha rac t e r i s t i c  var ia t ion  with t r u e  operational 

l i f e ,  

There is no way t o  prevent a tape manvfacturer from 

It often takes  only a 

Nore work i n  t h e  area sf Gape study is needed, 

Thomas J*, Sokira 
Program Manager 

jml. 
Blaster #I714 
August 3-5, 3.968 


